INTERNAL BROACH 


BACKGROUND OF THE INVENTION 

5 Field of the Invention 

The invention relates to an internal broach for internally broaching profiles 
defined by a bottom and flanks, in particular female serrations, in a work 
piece, comprising a shank, which leads in a direction of broaching and has 

10 a central longitudinal axis; and a toothed section with several rows of 
broach cutting teeth, the rows being disposed successively counter to the 
direction of broaching; with successive broach cutting teeth being allocated 
to each other for broaching a profile of a depth; with the broach cutting 
teeth having bottom cutting blades and first and second sides; with the bot- 

1 5 torn cutting blades of successive and associated broach cutting teeth having 
a pitch a relative to the broach cutting teeth that lead in the direction of 
broaching; with a bottom-cutting-blade relief surface being allocated to the 
bottom cutting blades; and with the first and second sides passing through 
the bottom-cutting-blade relief surfaces while forming first and second 

20 edges. 

Background Art 

The internal broaches conventionally used for internal profile broaching are 
25 known from DIN 1415 (ed. 1973), sheet 1, page 2. They have a shank, a 
toothed section and a tail end. The shank is held by a broaching machine 
puller, which pulls the broach through a work piece held in the broaching 
machine, broaching the profiles in doing so. After the broaching operation, 
the tail end is seized by a retriever of the broaching machine, which returns 
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the broach after the broaching operation into its initial position. Counter to 
the direction of broaching, the toothed section comprises several rows of 
broach cutting teeth, as a rule a great number of these rows of broach cut- 
ting teeth. The broach cutting teeth have blades for cutting the bottom of a 
5 profile and blades for cutting the flanks of the profile. The broach cutting 
teeth are disposed successively counter to the direction of broaching and 
are allocated to each other in this regard, serving to machine a profile; they 
are progressively stepped in depth i.e., they have a diametric pitch, so that 
all the broach cutting teeth that serve for machining a profile will succes- 
10 sively cut a chip for producing the bottom of a profile. 

Since the main machining operation is delivered by the bottom cutting 
blades, they are also called primary blades. For machining the flanks of a 
profile, the broach cutting teeth, which are disposed successively counter to 

1 5 the direction of broaching, have flank cutting blades of a back taper as il- 
lustrated in DIN 1415 (ed. 1973), sheet 1, page 3, picture 1 1. The flank 
cutting blades are also called secondary blades. The back taper is produced 
by the flank cutting blades of a subsequent tooth being relieved laterally as 
compared to the flank cutting blades of a leading tooth, so that the flank 

20 cutting blades of a subsequent tooth only machine the area provided by 

diametric pitch or back taper, and do not engage with the work piece in the 
area where the flank cutting blades of the leading tooth have machined. 
This helps prevent the broach cutting teeth from being clamped in the vi- 
cinity of the profile flanks during the broaching operation. The result is a 

25 stepped surface structure of the profile flanks. 

The profiles produced by a familiar and customary internal broach have 
sufficient surface quality, accuracy of profile shape and flank curve for 
standard applications and requirements. During the broaching operation, 
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displacement of the axis of the broach may occur so that each of the suc- 
cessively engaging teeth has a varying center position relative to the work 
piece that is to be machined. In particular in the case of twist broaching 
(helical broaching), torsional deviation may be superimposed on such a 

5 displacement of the axis of the broach; the torsional deviation is caused by 
rotatory forces during twist broaching. Very often, profile accuracy and 
flank surface quality are not sufficient in this case, flank curve accuracy 
being satisfactory as a rule. High accuracy of profile shape and flank curve 
are demanded in particular in the case of running gears such as female ser- 

1 0 rated gears with spur teeth or helical teeth. 

In order to remedy the mentioned deficiencies in the case of correspond- 
ingly high demands, it has been familiar practice to provide the broach with 
a sizing section downstream of the back-tapered broach cutting teeth - seen 

1 5 in the direction of broaching. Such a sizing section comprises several suc- 
cessive broach cutting teeth of identical height, which do not regroove the 
bottom of the profile. However, they have tooth thicknesses that increase 
counter to the direction of broaching i.e., all the sizing teeth cut a chip over 
the full height of the profile flank, the chip thickness generally being 10 to 

20 20 urn. Each flank cutting blade of the sizing teeth must have a relief pro- 
duced by grinding i.e., it must have a relief angle. They are relief-ground. 
Sizing helps obtain excellent accuracy of profile shape and high surface 
quality. Flank curve accuracy deteriorates as compared to the profile 
broached by progressive stepping. This is due to the fact that the relief- 

25 ground flank cutting blades of the sizing teeth are sharp cutting edges of 
comparatively bad self-guidance behavior. 


It is inherent in the system that any changeover from a progressively 
stepped broaching operation to full form sizing is accompanied with a 
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break in the broaching force, which leads to considerable drawbacks, in 
particular in the case of twist broaching. Relieving the main cutting force 
that acts counter to the direction of broaching will lead to a reduction in 
torsional stress i.e., the torsion of the work piece relative to the internal 
5 broach changes. This change may be sufficiently strong so that the full 

form sizing section is not led correctly into the progressively broached pro- 
files and, as a result, machines the flanks unilaterally so that the profile is 
not sized on both flanks. Owing to the mentioned deficiencies of the profile 
produced by progressively stepped broaching, the flank cutting blades of 
10 the broach cutting teeth will cut irregularly into the stepped flanks of the 
profile, with torsional vibrations originating which may negatively affect 
flank curve accuracy. 

U.S. patent 2,986,801 teaches an internal broach for internally broaching 
15 female serrations, which are defined by a bottom and flanks, in a work 
piece. The bottom cutting blades of successive and associated broach cut- 
ting teeth have a positive diametrical pitch as compared to the broach cut- 
ting teeth that lead in the direction of broaching. The flank cutting blades 
of successive and associated broach cutting teeth have a negative diametri- 
20 cal pitch over their full height. This means that the contours of successive 
broach cutting teeth narrow as the diameter grows. The resulting draw- 
backs correspond to the drawbacks specified above in connection with DIN 
1415 (ed. 1973). 

25 For elimination of the above-mentioned drawbacks in an internal broach, 
U.S. patent 5,865,569 teaches to obtain improved surface quality and accu- 
racy of profile shape and flank curves in that the flank cutting blades of 
successive and associated broach cutting teeth, over their full height, have a 
pitch that is small relative to the diametrical pitch of the bottom cutting 
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blades. In this known embodiment, the chip space bottom of the broach 
cutting teeth must be below the web of the profile i.e., below the top circle 
of the profile that is to be produced, because all the flank cutting blades are 
defined downwardly by the web of the profile. In the case of great height of 
5 the profiles that are to be produced, this will lead to wide spacings of teeth, 
which has the consequence that, with a given number of broach cutting 
teeth, the broach becomes too long. If however the spacing of teeth is re- 
duced in spite of too great a height of the profile that is to be produced, this 
may lead to grinding problems. Within certain dimensional ranges of the 
10 profiles, exploiting the advantages of the design of the generic type will 
therefore be restricted. In particular in the case of twist broaching, the use 
of these broaches requires broaching machines of high rigidity and accurate 
twist actuation. 

15 For elimination of the described problems, EP 1 160 040 Al teaches, in an 
internal broach of a similar type, to provide broach cutting teeth with flank 
cutting blades that adjoin the bottom cutting blades. The height of the flank 
cutting blades is considerably less than the depth of the total profile that is 
to be broached and substantially exceeds the pitch of the individual broach 

20 cutting tooth. These partial flank cutting blades are provided with flank 
relief surfaces. The sides, adjoining the partial flank cutting blades, of the 
broach cutting teeth are relieved surfaces. This is intended to help accom- 
plish high flank curve accuracy, good self-guidance behavior being ex- 
pected. However, the problem of broach deviation i.e., the problem of the 

25 central longitudinal axis of the broach deviating from its desired position 
relative to the work piece, cannot be solved in a satisfying fashion. 
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SUMMARY OF THE INVENTION 

It is an object of the invention to embody an internal broach of the generic 
type for any deviation of the broach during profile broaching to be avoided 
5 or at least substantially reduced. 

According to the invention, this object is attained by the features wherein 
the first sides are guide flanks, with the first edges being guide edges with- 
out cutting ability; wherein the second sides are relieved surfaces, with the 

10 second edges being non-cutting relieved edges; and wherein the bottom 
cutting blades are designed for cutting over a full profile width b. One of 
the two sides of each broach cutting tooth neither has a relief angle nor a 
relieved position, therefore being a non-cutting guide flank that is not ca- 
pable of machining. The opposite, second side is relieved in position over 

15 its entire height and length. It is also non-cutting and is not in touch with 
the neighboring flank that is to be broached. Broaching takes place exclu- 
sively by means of the bottom cutting blade. As a result of the measures 
according to the invention, any deviation of the central longitudinal axis of 
the broach from its original and thus nominal position is hampered or at 

20 least largely prevented by the guide flanks, upon any such motion, being 
pressed against the corresponding flanks of the work piece approximately 
along half the circumference of the broach. With no chip removal taking 
place on the guide edges of the guide flanks, this lateral motion i.e., devia- 
tion of the broach, cannot take place. Consequently, the invention is of spe- 

25 cial advantage whenever a broach possesses several broach cutting teeth 
distributed over the circumference. 

Emphasis is laid on the fact that the measures according to the invention 
can be used in broaches with annular chip spaces and helically disposed 
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chip spaces and in twist broaches with twist-style rows of broach cutting 
teeth. 

Further features, advantages and details of the invention will become ap- 
5 parent from the ensuing description of four exemplary embodiments, taken 
in conjunction with the drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

10 Fig. 1 is a longitudinal plan view of a first embodiment of an internal 
broach; 

Fig. 2 is a plan view of a work piece that is profiled in the way a female 
serration; 


15 


20 


25 


Fig. 3 is a partial cross-sectional view of the first embodiment of a broach 
in engagement with the work piece; 

Fig. 4 is a partial longitudinal view of the first embodiment; 

Fig. 5 is a partial longitudinal section of the first embodiment on the line 
V-V of Fig. 4; 

Fig. 6 is a longitudinal plan view of a second embodiment of a broach; 

Fig. 7 is a partial longitudinal view of the second embodiment; 

Fig. 8 is a partial longitudinal section of the second embodiment on the 
line VIII- VIII of Fig. 7; 
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Fig. 9 is a longitudinal plan view of a third embodiment of a broach; 
Fig. 10 is a partial longitudinal view of the third embodiment; 

5 

Fig. 1 1 is a partial longitudinal section of the third embodiment on the line 
XI-XI of Fig. 10; 

Fig. 12 is a longitudinal plan view of a fourth embodiment of a broach; 

10 

Fig. 13 is a partial longitudinal section of the fourth embodiment of a 
broach; and 

Fig. 14 is a partial longitudinal section of the fourth embodiment on the 
15 lineXIV-XIVofFig. 13. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

The internal broach seen in Fig. 1, the fundamental structure of which is 
20 familiar, comprises a shank 1, a toothed section 2 and a tail end 3 subse- 
quent thereto. The toothed section 2 includes a broaching portion 4 subse- 
quent to the shank 1 and an adjoining sizing portion 5 upstream of the tail 
end 3. The broaching portion 4 has several rows 6 of broach cutting teeth 
that will be explained below. The sizing portion 5 also includes a number 
25 of rows 7 of sizing teeth. 


The broach serves to machine for instance an annular work piece 8 which 
is illustrated in Fig. 2. Prior to being broached, it has a borehole 10 concen- 
tric of the central longitudinal axis 9 of the finished work piece 8. The 
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work piece 8 is placed on a work piece support of an internal broaching 
machine; then the shank 1 of the broach is led through the borehole 10 and 
seized by a puller of the broaching machine, the puller being drivable in the 
direction of the axis 1 1 of the broach, drawing the broach through the work 
5 piece 8. In doing so, profiles 12, for instance female serrations, are 

broached into the internal circumference 13 of the work piece 8. The inter- 
nal broach is not positively guided, there being self-guidance and self- 
centering between the work piece 8 and the broach i.e., there is the funda- 
mental requirement that the axis 1 1 of the broach and the axis 9 of the work 
10 piece 8 coincide. The tail end 3 primarily serves to return the internal 

broach after a broaching stroke. The broach can be employed not only on 
pull broaching machines, but on so-called lifting-table broaching machines 
as well as on push broaching machines. 

15 The profiles 12 to be broached have a bottom 14, two opposite flanks 15, 
16 and a web 17 that joins to each other the neighboring flanks 15, 16 of 
two neighboring profiles 12. The flanks 15, 16 of a profile 12 combine with 
the bottom 14 to form a corner 18. When the profiles 12 are broached, the 
borehole 10 can be widened, forming a recess 19 defined by the webs 17. 

20 The following does not deal with explaining the job of broaching the work 
piece 8 in the vicinity of the webs 17 that are to be produced, this being of 
no relevance to the understanding of the invention. The following deals 
with a profile 12 broaching operation in which the profile 12 is disposed 
between two radiuses 20 through the axis 9 that bisect webs 17 that adjoin 

25 the profile 12. 


A first exemplary embodiment, according to the invention, of an internal 
broach according to Figs. 3 to 5 comprises broach cutting teeth 21, a first 
tooth of which being designated by 21a, further teeth by 21b, 21c, 2 I d, 
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21e, and a last tooth by 2 If. Even if only a total of six broach cutting teeth 
21 are illustrated, at least five to twenty times the number of teeth - 
depending on the depth of profile to be produced - are available in practice 
in the broaching portion 4 of a broach. The broach cutting teeth 21a to 21f 
5 are arranged on the broach counter to the direction of broaching 22. The 
broach cutting teeth 21a to 2 If each have a bottom cutting blade 23a to 23 f, 
called primary blade in practice, which extends in the course of a circle that 
is concentric of the axis 11. The bottom cutting blades 23 a to 23 fare cus- 
tomarily provided with a relief produced by grinding i.e., a relief angle. 
10 They have a bottom cutting blade relief surface 24 and a machining surface 
25, as seen in Figs. 4 and 5. 

The sides of the broach cutting teeth 21 that are allocated to the flanks 15, 
16 of the work piece 8, which are to be produced, vary in design. The sides 

1 5 of the broach cutting teeth 2 1 a to 2 1 f that are allocated to a flank 1 5 - on 
the left in Fig. 3 - are pure guide flanks 26a to 26f. Over the full flank 
height, their course corresponds to the course of the flank 15 that is to be 
produced. The do not possess a relief produced by grinding or a relief angle 
i.e., they are not designed as a relief surface as seen in Fig. 5, and are not 

20 relieved in position as seen in Fig. 5. The pitch a is in the range of 10 to 
80 um. The guide edge 27a to 27f between the respective guide flank 26a 
to 26c and the machining surface 25 is a non-cutting edge 27a to 27f with- 
out cutting ability. 

25 The opposite edges, on the right in Fig. 3, which are allocated to the flank 
16 that is to be produced, are. relieved edges 28a to 28f. This means that the 
surfaces which adjoin them and are turned towards the to-be-produced 
flank 16 are relieved surfaces 29a to 29c that do not rest on the to-be- 
produced flank 16 as far as to the corner 18 i.e., until engagement with the 
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bottom cutting blade 23. As opposed to this, the bottom cutting blades 23a 
to 23f reach over the full width b of the profile that is to be produced at a 
respective place by a respective broach cutting tooth 21a to 21 f. 

5 As seen in Fig. 4, where only three broach cutting teeth 21a, 21b and 21c 
are illustrated, the respective bottom cutting blade 23a to 23c serves to 
broach a chip 30 that corresponds to the pitch a. As seen in Fig. 5, the 
guide flanks 26a to 26c, by the respective guide edge 27a to 27c, rest on the 
to-be-produced flank 1 5 of the work piece 8 over their full length and 

10 without any flank pitch. The chip 30, and thus also the flank 15, is formed 
in the vicinity of the pitch a, it being stressed again that the cutting opera- 
tion takes place over the full width b. Consequently, also the relieved edge 
28a to 28f is a non-cutting edge. The mentioned design relates to a broach 
with annular chip spaces 3 1 and a straight course of profile, with the 

15 broach being moved without rotation relative to the work piece 8. The 

broach cutting teeth 21, successive counter to the direction of broaching 22, 
lie in rows that are parallel to the axis 1 1, as roughly outlined in Fig. 1. 

If, in this embodiment of the broach, the central longitudinal axis 1 1 is dis- 
20 placed crosswise of its nominal position relative to the axis 9 of the work 
piece 8, then the guide flanks 26 of the broach are pressed against the cor- 
responding flanks 15 of the work piece 8 approximately along half the cir- 
cumference of the work piece 8. The guide edges 27 of the guide flanks 26 
not being able of chip removal, any such deviation of the broach relative to 
25 the work piece 8 is not possible in theory and largely precluded in practice. 
On the other hand, any clamping occasioned by material resiliency of the 
work piece 8 is precluded by the relieved position of the respectively oppo- 
site relieved surface 29 and relieved edge 28. 
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At the end of a broach cutting job by the broaching portion 4, the flanks 15 
and 16 are finished. Sizing by means of the sizing portion 5 may still take 
place, depending on quality requirements. 

5 The embodiment according to Figs. 6 to 8 differs from that according to 
Figs. 3 to 5 only in that the chip spaces 31' do not extend annularly, but 
helically. The broach cutting teeth 21'a to 21'c, successive counter to the 
direction of broaching 22, are disposed in rows 6 that are parallel to the 
axis 1 1 . Only Fig. 8 shows that the bottom cutting blades 23*a to 23'c are 
10 designed to lag from the guide flank 26a to 26c towards the relieved sur- 
face 29a to 29c, which still increases the guide forces between the guide 
flank 26a to 26c and the flank 15. Otherwise the above description applies. 
The illustration according to Fig. 3 applies too. 

15 In the embodiment according to Figs. 9 to 1 1, the chip spaces 3 1 are ar- 
ranged annularly, which also applies to the annular arrangement of broach 
cutting teeth in Fig. 9. The broach cutting teeth 21*'a to 21"c, successive 
counter to the direction of broaching 22, are disposed in helical or twist- 
style arrangement, as outlined by the corresponding twist-style rows 6" in 

20 Figs. 9 and 1 1 . The twist direction 32 of the rows 6" is such that the pres- 
sure between the guide flanks 26a to 26c and the flanks 15 of the work 
piece 8 is increased upon a broaching stroke. The illustration according to 
Fig. 3 applies here too. 

25 In the fourth embodiment according to Figs. 12 to 14, provision is made for 
a helical course of the chip spaces 31' and correspondingly a helical course 
of the broach cutting teeth 21"*a to 21 ,M c, as roughly outlined in Figs. 12 
and 14. Furthermore, the rows 6' of the successive broach cutting teeth 
21 '"a to 21"'c are provided to have a twist-style or helical course. In this 
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regard, the description of the second and third embodiment applies where 
applicable. 


